###### Strengths and limitations of this study

-   This study analyses the impact of massive blood transfusion (MBT) on extracorporeal membranes oxygenation (ECMO) patients during the long-term follow-up period.

-   This study collected data using the National Health Insurance Research Database (NHIRD) derived from the government-operated singer-payer health insurance programme, covered nearly whole Taiwan residents.

-   This article provides large-scale, observational results with control group comparison for multianalysis of short-term and long-term outcome among patients received MBT during ECMO support.

-   The main limitations of this study are that NHIRD lacks detailed patient information, such physical status, laboratory data, image reports, intervention notes and ECMO parameters, which might affect the bleeding severity.

Introduction {#s1}
============

Extracorporeal membrane oxygenation (ECMO) is a life-saving technique applied for mechanical circulatory and respiratory support for over four decades in the intensive care field.[@R1] ECMO is regarded as a bridge to cardiopulmonary function recovery, transplantation or other mechanical support devices for patients with refractory cardiac failure, severe respiratory failure, extreme hypothermia, postcardiotomy shock, septic shock, toxic ingestion or trauma.[@R2] Although ECMO is effective, high rates of associated complications and mortality remain to be debated. Serious complications include bleeding, neurological damage, infection and acute kidney injury,[@R4] with bleeding statistically being the most common (30%--60%).[@R3]

Because of anticoagulation therapy to prevent thromboembolic events and oxygenator thrombosis, patients under ECMO support are at risk for bleeding.[@R6] Nevertheless, red blood cell (RBC) transfusions induce various adverse complications, such as profound coagulopathy, electrolyte/acid--base imbalance, hypothermia, transfusion-related acute lung injury, infection and acute kidney injury.[@R7] Massive blood transfusion (MBT) augments the negative outcomes.[@R9]

However, to our knowledge, no previous study has discussed the long-term outcomes of patients with MBT during ECMO support compared with a non-MBT group via a nationwide database. Therefore, this retrospective, population-based cohort study was designed to evaluate the in-hospital morbidity, mortality and long-term outcomes of adult ECMO patients receiving MBT.

Materials and methods {#s2}
=====================

Data source {#s2-1}
-----------

We analysed data from The National Health Insurance (NHI) Research Database (NHIRD), derived from the government-operated singer-payer NHI programme. The NHI programme was launched in 1995 and covered almost all Taiwan residents (99%). In Taiwan, the costs of all lifesaving procedures, surgeries, medical treatments and medications were reimbursed in the NHIRD, such as use of ECMO, cardiac surgery and blood transfusion.[@R10]

Study population {#s2-2}
----------------

This retrospective, population-based cohort study compared the outcomes between patients who did and did not receive MBT during ECMO support. MBT was defined as RBC transfusion of ≥10 units within a 1 month period since the application of ECMO.[@R14] We reviewed the hospitalisation records of NHIRD from 1 January 2000 to 31 December 2013. Patients who received ECMO were identified via the NHIRD procedure code (68036) and International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) procedure code (39.65).[@R15] Then, we excluded patients with incomplete data during the follow-up, age younger than 20 years, previous hospitalisation with ECMO experience, uncertain indication for ECMO, indication for ECMO due to trauma and admission for major surgery. Finally, a total of 5663 patients were eligible for further analysis ([figure 1A](#F1){ref-type="fig"}).

![(A) The inclusion of the study patients. (B) The proportion of in-hospital mortality in each of the three main ECMO indications by the presence or absence MBT. CV, cardiovascular.](bmjopen-2019-035486f01){#F1}

Comorbidities and outcome {#s2-3}
-------------------------

The demographic characteristics, indications and detailed information of ECMO use were identified by ICD-9-CM and NHI procedure codes for the index hospitalisation. A history of bleeding-related disease and other comorbidities were identified via the ICD-9-CM diagnostic codes for prior hospitalisation. A majority of the ICD-9-CM and NHI procedure codes were verified in previous studies.[@R16] The outcomes of interest to this study included in-hospital complications and outcomes and time-to-event outcomes. Time-to-event outcomes were all-cause mortality, cardiovascular death (CV), end-stage renal disease (ESRD) or dialysis, and respiratory failure. All-cause mortality was defined by a withdrawal from the NHI.[@R17] Dialysis and respiratory failure were verified by approval of possessing a catastrophic illness certificate card.[@R18] The definition of CV death met the criteria of the Standardised Definitions for CV and Stroke Endpoint Events in Clinical Trials drafted by the United States Food and Drug Administration. All patients were followed from the index admission until 31 December 2013 or the date of death, whichever came first.

Statistical analysis {#s2-4}
--------------------

The MBT and non-MBT groups were compared by a propensity score matching (PSM). We matched each patient from the MBT group with a counterpart from the non-MBT group. The propensity score was the predicted probability to be in the MBT group, derived from a given multivariable logistic regression value of covariates. The covariates included in propensity score calculation were age, sex, ECMO indication, bleeding-related diseases or bleeding history (four items), comorbid conditions (12 items), hospital level, ECMO volume of the hospital and the index date of admission. The matching was processed using a greedy nearest neighbour algorithm with a calliper of 0.2 times the SD of the logit of propensity score and without replacement and with random matching order. We checked the quality of matching by using the absolute value of standardised mean difference (SMD) in which a value of less than 0.1 was considered to have negligible difference between the two groups.

The trend of MBT and in-hospital mortality rate across the study years (2000--2013) was assessed by Cochran-Armitage test. The in-hospital complications and outcomes between the two groups were compared using linear regression or logistic regression analyses, which considered the within-cluster correlation of the same matching pair by introducing the work correlation matrix of the generalised estimating equation (GEE). The study group was the only explanatory variable in the GEE model. After excluding patients who died during the index admission, we compared the risks of time-to-event outcomes between the two groups. The risk of all-cause mortality and the risk of other time-to-event outcomes (ie, respiratory failure) between the groups were compared using the Cox proportional hazard model and the Fine and Gray subdistribution hazard model, respectively; the latter model considered death as a competing risk. In the survival analyses, we additionally adjusted the propensity score to mitigate the confounders between the groups.[@R19] The aforementioned PSM and analyses were further performed separately on different ECMO indications, which were classified into postcardiotomy cardiogenic shock (PCS) or non-PCS.

Finally, the dose--dependent relationship between the transfused ratio (fresh frozen plasma(FFP)/RBC), total packed RBC (PRBC) volume, and in-hospital mortality rate was assessed by a trend test of univariate logistic regression. A two-sided p\<0.05 indicates statistical significance, and multiple testing (multiplicity) was not adjusted. All statistical analyses, including the procedures of 'psmatch'for PSM, 'genmod' for GEE, and 'phreg*'* for survival analyses, were performed using the SAS V.9.4 (SAS Institute).

Patient and public involvement {#s2-5}
------------------------------

No patient was involved in this study.

Results {#s3}
=======

Study population characteristics {#s3-1}
--------------------------------

A total of 5663 patients who initially received ECMO between 1 January 2000 and 31 December 2013 ([figure 1A](#F1){ref-type="fig"}) were categorised into the MBT (n=2757; average age, 59.6 years; males, 69.1%) and non-MBT (n=2906) groups. [Table 1](#T1){ref-type="table"} presents the baseline characteristics of the study groups. The major indications for ECMO application in the MBT and non-MBT groups were PCS (68.4%) and CV reasons (41.7%), such as cardiogenic shock, myocarditis or acute myocardial infarction, respectively. The types of cardiac procedures for postcardiotomy were classified as follows: aortic surgery (15.8%), valve surgery (14.9%), coronary artery bypass graft (33.0%), valve surgery combined with coronary artery bypass graft (8.2%) and others (28.1%). A significant difference was found in numerous variables between the two groups before PSM, with an absolute SMD value of \>0.1 ([table 1](#T1){ref-type="table"}, left panel). However, the group difference was trivial after PSM ([table 1](#T1){ref-type="table"}, right panel).

###### 

Demographic and clinical characteristics of the study population

                                                  Before matching   After matching                                                                    
  ----------------------------------------------- ----------------- ---------------- ------------- -------- ------------- ------------- ------------- --------
  Age (years)                                     58.2±15.7         59.6±15.5        56.8±15.8     0.177    57.9±15.7     58.0±15.8     57.9±15.7     0.005
  Age group                                                                                                                                           
   ≤40 years                                      810 (14.3)        334 (12.1)       476 (16.4)    −0.122   553 (14.6)    278 (14.6)    275 (14.5)    0.004
   41--60 years                                   2166 (38.2)       990 (35.9)       1176 (40.5)   −0.094   1463 (38.5)   730 (38.4)    733 (38.6)    −0.003
   61--80 years                                   2269 (40.1)       1210 (43.9)      1059 (36.4)   0.152    1509 (39.7)   750 (39.5)    759 (39.9)    −0.010
   \>80 years                                     418 (7.4)         223 (8.1)        195 (6.7)     0.053    275 (7.2)     142 (7.5)     133 (7.0)     0.018
  Gender                                                                                                                                              
   Male                                           3945 (69.7)       1906 (69.1)      2039 (70.2)   −0.022   2615 (68.8)   1313 (69.1)   1302 (68.5)   0.012
   Female                                         1718 (30.3)       851 (30.9)       867 (29.8)    0.022    1185 (31.2)   587 (30.9)    598 (31.5)    −0.012
  ECMO indication                                                                                                                                     
   CV (cardiogenic shock, myocarditis or AMI)     1676 (29.6)       465 (16.9)       1211 (41.7)   −0.567   965 (25.4)    464 (24.4)    501 (26.4)    −0.045
   Postcardiotomy shock                           2972 (52.5)       1885 (68.4)      1087 (37.4)   0.653    2070 (54.5)   1046 (55.1)   1024 (53.9)   0.023
   Respiratory                                    1015 (17.9)       407 (14.8)       608 (20.9)    −0.161   765 (20.1)    390 (20.5)    375 (19.7)    0.020
  Bleeding-related diseases or bleeding history                                                                                                       
   Coagulopathy                                   212 (3.7)         128 (4.6)        84 (2.9)      0.092    145 (3.8)     74 (3.9)      71 (3.7)      0.008
   Liver cirrhosis                                156 (2.8)         91 (3.3)         65 (2.2)      0.065    94 (2.5)      45 (2.4)      49 (2.6)      −0.014
   Gastrointestinal bleeding                      910 (16.1)        475 (17.2)       435 (15.0)    0.062    592 (15.6)    299 (15.7)    293 (15.4)    0.009
   Major bleeding                                 396 (7.0)         211 (7.7)        185 (6.4)     0.050    257 (6.8)     127 (6.7)     130 (6.8)     −0.006
  Comorbid conditions                                                                                                                                 
   Diabetes mellitus                              1807 (31.9)       877 (31.8)       930 (32.0)    −0.004   1232 (32.4)   624 (32.8)    608 (32.0)    0.018
   Hypertension                                   2510 (44.3)       1282 (46.5)      1228 (42.3)   0.085    1654 (43.5)   833 (43.8)    821 (43.2)    0.013
   Chronic obstructive pulmonary disease          384 (6.8)         191 (6.9)        193 (6.6)     0.011    249 (6.6)     125 (6.6)     124 (6.5)     0.002
   Chronic kidney disease                         883 (15.6)        481 (17.4)       402 (13.8)    0.100    596 (15.7)    297 (15.6)    299 (15.7)    −0.003
   End-stage renal disease or dialysis            312 (5.5)         159 (5.8)        153 (5.3)     0.022    211 (5.6)     105 (5.5)     106 (5.6)     −0.002
   Heart failure                                  1212 (21.4)       630 (22.9)       582 (20.0)    0.069    806 (21.2)    408 (21.5)    398 (20.9)    0.013
   Coronary artery disease                        3337 (58.9)       1663 (60.3)      1674 (57.6)   0.055    2196 (57.8)   1105 (58.2)   1091 (57.4)   0.015
   Prior myocardial infarction                    762 (13.5)        385 (14.0)       377 (13.0)    0.029    499 (13.1)    250 (13.2)    249 (13.1)    0.002
   Prior stroke                                   663 (11.7)        346 (12.5)       317 (10.9)    0.051    443 (11.7)    220 (11.6)    223 (11.7)    −0.005
   Peripheral arterial disease                    258 (4.6)         131 (4.8)        127 (4.4)     0.018    187 (4.9)     94 (4.9)      93 (4.9)      0.002
   Malignancy                                     299 (5.3)         157 (5.7)        142 (4.9)     0.036    220 (5.8)     110 (5.8)     110 (5.8)     0.000
   Charlson's Comorbidity Index                   2.6±2.3           2.8±2.3          2.4±2.2       0.150    2.6±2.3       2.6±2.2       2.6±2.3       0.010
  Hospital level                                                                                                                                      
   Medical centre                                 3839 (67.8)       1993 (72.3)      1846 (63.5)   0.189    2549 (67.1)   1258 (66.2)   1291 (67.9)   −0.037
   District/regional hospital                     1824 (32.2)       764 (27.7)       1060 (36.5)   −0.189   1251 (32.9)   642 (33.8)    609 (32.1)    0.037
  ECMO volume of the hospital                                                                                                                         
   First (1--100)                                 1388 (24.5)       533 (19.3)       855 (29.4)    −0.237   930 (24.5)    480 (25.3)    450 (23.7)    0.037
   Second (128--230)                              1381 (24.4)       654 (23.7)       727 (25.0)    −0.030   940 (24.7)    464 (24.4)    476 (25.1)    −0.015
   Third (270--504)                               1475 (26.0)       833 (30.2)       642 (22.1)    0.186    953 (25.1)    472 (24.8)    481 (25.3)    −0.011
   Fourth (583--1087)                             1419 (25.1)       737 (26.7)       682 (23.5)    0.075    977 (25.7)    484 (25.5)    493 (25.9)    −0.011
  Follow-up years                                 0.94±1.99         0.78±1.91        1.10±2.05     −0.163   1.04±2.08     0.79±1.88     1.29±2.24     −0.243
  Propensity score                                0.487±0.185       0.557±0.169      0.420±0.174   0.798    0.493±0.163   0.493±0.163   0.492±0.163   0.005

Continuous data were expressed as mean±SD and categorical data were presented as frequency and percentage.

AMI, acute myocardial infarction; CV, cardiovascular; ECMO, extracorporeal membrane oxygenation; MBT, massive blood transfusion; SMD, standard mean difference.

[Figure 1B](#F1){ref-type="fig"} displays the proportion of in-hospital mortality for the three main ECMO indications according to the presence or absence of MBT. Patients with MBT had higher in-hospital mortality rate than those without MBT. [Figure 2](#F2){ref-type="fig"} shows the epidemiology of ECMO application in Taiwan from 2000 to 2013. The volume of ECMO use increased gradually year by year (p\<0.001). PCS remained the chief indication for ECMO support across the years. Notably, the proportion of MBT decreased annually (p\<0.001) without an increasing in-hospital mortality rate over time (p=0.513).

![The epidemiology of ECMO application in Taiwan from 2000 to 2013. CV, cardiovascular; ECMO, extracorporeal membrane oxygenation; MBT, massive blood transfusion.](bmjopen-2019-035486f02){#F2}

In-hospital mortality and ECMO-related complications {#s3-2}
----------------------------------------------------

[Table 2](#T2){ref-type="table"} displays the in-hospital outcomes of patients with and without MBT. Compared with the non-MBT group, the MBT group had a higher in-hospital mortality rate (65.6% vs 52.1%; OR 1.74; 95% CI 1.53 to 1.98) and a higher incidence of ECMO-related complications, including sepsis (OR 1.42; 95% CI 1.21 to 1.67), respiratory failure (OR 1.27; 95% CI 1.11 to 1.45) and acute kidney injury (OR 2.73; 95% CI 2.37 to 3.13). Longer durations of ECMO support, ventilator use, intensive care unit (ICU) stay and hospitalisation stay, as well as a higher inpatient medical expenditure, were also noted in the MBT group than in the non-MBT group.

###### 

In-hospital complications and outcomes in the propensity score matched cohort

  -------------------------------------------------------------------------------------------------------------------------
  Outcome                                       Total\        MBT\          Non-MBT\     MBT versus non-MBT       
                                                (n=3800)      (n=1900)      (n=1900)                              
  --------------------------------------------- ------------- ------------- ------------ ------------------------ ---------
  Categorical parameter                                                                                           

   In-hospital mortality                        2236 (58.8)   1247 (65.6)   989 (52.1)   1.74 (1.53 to 1.98)      \<0.001

   New-onset stroke                             196 (5.2)     98 (5.2)      98 (5.2)     1.00 (0.75 to 1.34)      1.000

   New-onset ischaemic stroke                   139 (3.7)     64 (3.4)      75 (3.9)     0.85 (0.61 to 1.19)      0.344

   New-onset haemorrhagic stroke                62 (1.6)      34 (1.8)      28 (1.5)     1.22 (0.74 to 2.03)      0.439

   Sepsis                                       808 (21.3)    458 (24.1)    350 (18.4)   1.42 (1.21 to 1.67)      \<0.001

   Fasciotomy or amputation                     44 (1.2)      31 (1.6)      13 (0.7)     2.39 (1.25 to 4.56)      0.009

   Respiratory failure                          1843 (48.5)   976 (51.4)    867 (45.6)   1.27 (1.11 to 1.45)      \<0.001

   Acute kidney injury                          1752 (46.1)   1108 (58.3)   644 (33.9)   2.73 (2.37 to 3.13)      \<0.001

  Continuous parameter                                                                                            

   PRBC amount                                  13.2±13.7     22.3±14.1     4.1±3.1      18.17 (17.52 to 18.82)   \<0.001

   FFP amount                                   9.5±15.8      16.2±19.4     2.8±5.5      13.39 (12.49 to 14.29)   \<0.001

   Platelet amount                              29.7±41.2     50.4±47.8     9.1±16.2     41.31 (39.03 to 43.58)   \<0.001

   ECMO support duration (days)                 3.6±3.7       4.7±4.1       2.5±2.9      2.19 (1.97 to 2.41)      \<0.001

   Ventilator (days)                            13.8±16.4     16.8±17.1     10.8±15.0    5.95 (4.92 to 6.98)      \<0.001

   ICU duration (days)                          15.4±16.7     18.5±17.6     12.3±15.3    6.11 (5.06 to 7.16)      \<0.001

   Hospital stays (days)                        22.6±18.9     24.8±18.8     20.5±18.8    4.24 (3.06 to 5.42)      \<0.001

   Inpatient medical expenditure (NTD ×10^4^)   85.8±66.6     103.1±66.9    68.5±61.7    34.61 (30.63 to 38.59)   \<0.001
  -------------------------------------------------------------------------------------------------------------------------

Continuous data were expressed as mean±SD and categorical data were presented as frequency and percentage.

B, regression coefficient; ECMO, extracorporeal membranes oxygenation; FFP, fresh frozen plasma; ICU, intensive care unit; MBT, massive blood transfusion; NTD, New Taiwan Dollar; PRBC, packed red blood cells.

We further performed subgroup analysis according to ECMO indications, namely, non-PCS and PCS. No significant difference on the risk of in-hospital mortality was observed in patients with non-PCS indication ([online supplementary table 1](#SP1){ref-type="supplementary-material"}). In addition, the MBT group had greater risks of sepsis, respiratory failure and acute kidney than the non-MBT group. In patients with PCS indication, the MBT had higher in-hospital mortality risks (OR 2.81; 95% CI 2.31 to 3.41) and greater risks of sepsis and acute kidney injury than its counterpart ([online supplementary table 2](#SP2){ref-type="supplementary-material"}).
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Follow-up outcomes {#s3-3}
------------------

After excluding patients who died during the index admission, 653 and 911 patients remained in the MBT and non-MBT groups, respectively. During a median follow-up of 1.8 years (IQR 0.3--3.9 years), the MBT group exhibited a higher all-cause mortality rate than the non-MBT group (47.0% vs 35.8%, HR 1.46; 95% CI 1.25 to 1.71; [figure 3A](#F3){ref-type="fig"}). In addition, the cumulative incidences of CVdeath and newly diagnosed ESRD were not significantly different between the two groups ([figure 3B, C](#F3){ref-type="fig"}). Meanwhile, the cumulative incidence of respiratory failure was higher in the MBT group than in the non-MBT group (19.8% vs 16.2%; subdistribution HR 1.36; 95% CI 1.07 to 1.73; [figure 3D](#F3){ref-type="fig"})

![Propensity score adjusted (fitting) survival of (A) all-cause mortality, (B) cardiovascular death, (C) new-onset ESRD and (D) respiratory failure in the MBT and non-MBT groups in patients who survived the index ECMO admission. ECMO, extracorporeal oxygenation; ESRD, end-stage renal disease; MBT, massive blood transfusion.](bmjopen-2019-035486f03){#F3}

Subgroup analysis according to ECMO indications, that is, non-PCS and PCS, was further performed. The risks of overall mortality after discharge, CV death and respiratory failure in patients with non-PCS indication had no significant difference ([online supplementary table 1](#SP1){ref-type="supplementary-material"}). However, the MBT group had greater risks of ESRD during the follow-up. In patients with PCS indication, the MBT group had higher risks of overall mortality after discharge (HR 1.63; 95% CI 1.32 to 2.01), CV death (HR 1.51; 95% CI 1.02 to 2.26) and respiratory failure (HR 1.60; 95% CI 1.17 to 2.20) than the non-MBT group. In addition, the risk of ESRD during the follow-up was not significantly different between MBT and non-MBT groups among PCS patients (HR 1.57; 95% CI 0.80 to 3.07) ([online supplementary table 2](#SP2){ref-type="supplementary-material"}).

Effect of blood transfusion amount and transfusion ratio on in-hospital mortality {#s3-4}
---------------------------------------------------------------------------------

[Figure 4A](#F4){ref-type="fig"} illustrates the dose--dependent relationship between the transfused ratio (FFP/RBC) and in-hospital mortality risk. The cut-off points of the ratio were set as 0.5 and 1.0. Group 3 (ratio \>1.0) had a higher in-hospital mortality than group 1 (ratio \<0.5; 75.2% vs 64.6%; OR 1.66; 95% CI 1.32 to 2.09). Furthermore, the effect of the transfused amount of RBCs on in-hospital mortality was also examined in the subgroup analysis ([figure 4B](#F4){ref-type="fig"}). However, the platelet to RBC transfusion ration had no correlation with in-hospital mortality risk ([figure 4C](#F4){ref-type="fig"}).

![The dose--dependent relationship between (A) the transfused ratio (FFP/PRBC), (B) total PRBC volume and (C) the transfused ration (PLT/PRBC) and risks of in-hospital mortality. FFP, fresh frozen plasma; PRBC, packed red blood cell; PLT, platelet.](bmjopen-2019-035486f04){#F4}

The actual transfused units of RBC were equally sorted into four categories, revealing that the greater the volume of transfused RBC, the higher the in-hospital mortality rate (p for trend \<0.001). For the third and fourth quartile groups, 60.8% and 70.5% of patients died during the index hospitalisation, respectively.

Discussion {#s4}
==========

Using the Taiwan National Database, this study aimed to compare the long-term outcome of patients receiving MBT during ECMO support with that of patients who did not receive MBT. Patients with MBT had higher in-hospital mortality (47.0%) and all-cause mortality (19.8%) during the follow-up and had a higher risk of ECMO-related complications, such as sepsis, respiratory failure and acute kidney injury, than those without MBT. A higher cumulative incidence of respiratory failure was also found among MBT patients after index admission. Furthermore, the amount of transfused RBCs had a positive dose--dependent effect on in-hospital mortality.

Bleeding requiring blood transfusion is a common adverse complication of ECMO support. Intraoperative use of cardiopulmonary bypass with high heparinisation level, reduced platelet count, consumptive coagulopathy, haemolysis, therapeutic hypothermia and haemodilution might enhance the bleeding problem of patients with PCS under ECMO support.[@R20] Rastan *et al* indicated that more than half of postcardiotomy patients with ECMO support even needed rethoracotomy because of refractory, excessive bleeding; these patients statistically had received perioperative RBC transfusion with up to 13 units during the first 48 hours.[@R21]

In the case of serious bleeding, RBC transfusion would be necessary and indicated. Bleeding is one of the leading causes of mortality for patients receiving ECMO.[@R22] RBC transfusion might increase the incidence of ECMO-related morbidity and in-hospital mortality. Lo Pinto *et al* concluded that RBC transfusion might be interrelated with higher ICU mortality and other severe complications, including acute renal failure, thromboembolic events and sepsis.[@R23] According to several studies, in-hospital mortality is significantly higher in patients with larger amounts of RBC transfusion.[@R24] According to our results, in-hospital mortality was high for patients under any indication for ECMO support with massive RBC transfusion ([figure 1B](#F1){ref-type="fig"}). Furthermore, patients with MBT had a significantly higher incidence of associated complications, such as sepsis, respiratory failure and acute kidney injury.

Acute lung injury due to MBT could be classified into transfusion-related acute injury (TRALI) and transfusion-associated circulatory overload.[@R26] TRALI remains the major cause of transfusion-related mortality (37%), and the incidence varies with plasma (0.008% per unit) and all blood products (0.004% per unit).[@R27] In addition, ECMO itself may also be a deleterious factor of lung function for patients indicated for ECMO because of acute respiratory distress syndrome.[@R28]

The amount of transfused RBC influences the in-hospital mortality.[@R30] Furthermore, Smith *et al* stated that each transfused RBC volume of 10 mL/kg/day of ECMO would contribute to a 24% increase in the odds of in-hospital mortality.[@R32] This finding is consistent with our study; the actual transfused RBC volume was positively associated with in-hospital mortality.

Meanwhile, MBT with a high FFP-to-PRBC ratio has benefits of lower mortality and better clinical outcomes in patients with trauma.[@R33] However, another concept has been declared that a high FFP-to-PRBC ratio does not lead to a significant difference in 24 hours or 30-day mortality compared with a lower ratio (1:1 vs 1:2).[@R34] For patients without trauma but with severe bleeding, a high transfusion FFP-to-PRBC ratio of greater than 1:2 might be appropriate for patients with trauma; however, this ratio seems not to have a positive impact on mortality rate in patients without trauma.[@R35] In our study, a greater transfused amount of FFP was generally required in more serious coagulopathy situations with refractory bleeding and a worse prognosis. Therefore, MBT with a higher ratio (FFP-to-PRBC ≥1.0) might result in a higher in-hospital mortality rate for patients under ECMO support. Considering the limited evidence, further research is needed to determine the ideal MBT ratio for patients under ECMO support.

Platelet dysfunction during ECMO support had been investigated with several possible mechanisms, such as enhanced platelet activation related to high shear stress, platelet adhesion/activation problem induced by an artificial extracorporeal circuit, and reduced binding of von Willebrand factor to platelet.[@R6] However, information about the suggested platelet transfusion strategy in clinical practice for ECMO patients is still limited. Only few investigations on paediatric patients under ECMO use indicated that a larger volume of platelet transfusion is associated with a higher risk for mortality and coagulopathy.[@R39] Further studies for the outcomes of adult ECMO patients with platelet transfusion are required in the future.

In our study, patients with MBT during ECMO support had a higher cumulative incidence of respiratory failure after index hospitalisation during a follow-up. Blood transfusion and ECMO application could lead to pulmonary dysfunction in different ways. However, evidence on the relationship between MBT and respiratory failure after discharge remains unavailable. Thus, further research is necessary to investigate the possible mechanism of developing respiratory failure following index hospitalisation among patients with MBT.

Further analysis of the effect for different ECMO indications (PCS and non-PCS) on MBT proportion, in-hospital complication/mortality and cumulative incidences of adverse events after index hospitalisation are displayed in [online supplementary tables 1 and 2](#SP1 SP2){ref-type="supplementary-material"}. As for non-PCS population, no significant influence was observed on in-hospital mortality, cumulative incidence of all-cause mortality and respiratory failure after index hospitalisation, except for new-onset ESRD. In contrast, the PCS group had significant difference among in-hospital mortality, and cumulative incidence of negative events following index hospitalisation, excluding new-onset ESRD. Consequently, PCS patients not only were the main two-third resource of the MBT group but also dominantly affect both short-term and long-term outcomes.

Limitation {#s4-1}
----------

First, the features of the cohort study limited this study. Although this study was based on the NHIRD, which covers nearly the entire population of Taiwan, detailed patient information, such as vital signs, physical examination results, exact dosage of medication, laboratory examination data, clinical image reports and surgery/procedure notes, were not recorded in the NHIRD. Therefore, we could not identify the severity of bleeding status, definite anticoagulation strategies, ECMO setting, bleeding site, exact timing of blood transfusion and the actual amount of transfused blood/kilogram/day. The important parameters of ECMO, such as cannula size, cannula insertion site (central or peripheral), speed of the centrifugal pump and support mode (veno-venous, veno-arterial or switch one from the other), are factors reportedly associated with various outcomes. The exact dose of anticoagulation drugs and the severity/site of bleeding may also affect the morbidity and mortality among these patients. The patient cohort included patients with different risk profile with respect to the bleeding complications. Nevertheless, we could hardly get access to the all risk profile for analysis from NHIRD.

Second, the NHI data after 2013 (data of 2018 are available soon in March or April 2020) are available only in the National Health Informatics Project, which is managed by Health and Welfare Data Science Center. Our available data source was NHIRD, which was maintained by the National Health Research Institutes, but it was no longer updated after 2013. Therefore, we could only acquire legal access to analyse data during the period between 2000 and 2013. However, the trend of number, proportion of indications and outcomes for ECMO use might change with time. Hence, further relevant research with updated data is needed.

Third, the annual growth of ECMO use is also an interesting point. However, under the reimbursement regulation, the ECMO application is liberal without consideration on medical cost. Furthermore, the validation and effectiveness of ECMO in Taiwan have been examined by numerous retrospective articles.[@R15]

Conclusion {#s5}
==========

Patients with MBT during ECMO support had a worse outcome than the non-MBT population. Higher risks of in-hospital mortality and all-cause mortality were noted among the MBT patients. The incidences of post-ECMO complications, such as sepsis, respiratory failure and acute kidney injury, also were higher in the MBT group. Moreover, a positive dose--dependent relationship was noted between the amount of transfused RBC and in-hospital mortality.
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